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- SYMNOPSIS - ABSTRACT |
i* ; Human volunteers were cxposed to PGDN vapor at concentrations of 3
5 : 0.03, 0.1, 0.2, 0.35, 0.5, and 1.5 ppm., Esxposure to concentrations of 0.2 ' :
', and greater produced disruption of the organization of the visual evoked . i
] ' response (VER) and headache in the majority of subjects. Subjects repeatecdly
exposed to 0,2 ppm for 8 hours on a daily hasis developed a tolerance to head-
achc induction, but the alteration in VER morphology appeared cumulative.
: Marked impairment in balance became manifest after expos'.re to 0. 5 ppm for :
'5 6% hours while 40 minutes of exposure to 1.5 ppm added eye irritation to the
! | list of symptoms.
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I, 2. repylensz miyeol dintirate (PGDNI, a red-orange lip
disagrecable odor, iy the major volatile constituent of Otto Fu, « torpedo
crozelient aow being intioaaced inio the U, §. Tiaval fieet. The fusl i named
for its inventor, Otto Reitliner, who died in 1979, Accidental o,:r-exposure
to PGDN, a potential meth2movliobin former, has resulted in a2 spectrum of
illnesses ranging from headache, nasal congestion, dizziness, and eye irrita-
tion to vasomotor collapse and unzonsciousnessa,

The industrial Threshold Limit Value (TLV) tor PGDN is 0.2 ppm.
Thiz standard is based on the humi.n experience in ammunition planta where
PGDN breathing zone concentrations were carefully related to the absence of
untoward symptoms. The industrial TLV standard has been adupted by the
U. & Navy, bui concern over taec paucity of data regarding the eff:cts of

PCGDN on hurman periormanc< and physiology prompted this investipation,

EXPERIMENTAL PROCEDURE

Twenty human velunteers were exposed to a range of PGDN vapor con-
centrations desiuned o yield information regarding human response o acute
over-exposura and to repeated daily exposures to the current TLV, The

frvestivation vas performed with strict adborence to the olhical aod trehnical

(1)

rogurrements loc buinan inhalation experivientation previously dalatled

Informed congont was obtained aller the nature of the procedures Lod haca

[

dily expiained to the volbinteer ssabjucts,
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A5 ywoars secved as pald voluntesrs for the exposure stusding,

cliniczl shservations were made on three merablers of thie research starf

during times of their exposure:

two males, ages 45 and 51; and 2 fernale,
(2]

ST AN

age 24. None of the subjects were smokers and none was taking medization.

Prior to exposure each wag given a comprchensive medical examination which

included a complete history and physical examination and the laboratory

studies listed below,

Exposure Schedule.

Table I lists the number of subjects and the PGDN vapor
concentrations to which they were exposed for each of the experiments, Eight
subjects participated in experiments 1- 16, while a second group of nine sub.-
jects participataed in the remainder of the experiments. Each group underwent
a training program in the chamber (:xperiments 1 -1<, 17-27, 32-35, and
38-39). The experiments were conducted in a double-blind mode, however,
in those experiments in which the odor of PGDN was deteclable hoth the sub-

jects and the research staff were aware that exposiure to PGDN was occurring

although the rnaynitude of the exposure was not disclosed to them,

Tiwoosure Chamber,  The experiments were conducted in the controlled-

pavironment chamber which was a room measuring 20 x L

13 Wfeet hizh, The

. . 1 1 . . , . .
choraber contained a 45 % ot x 65 feet audiomeativic booth anda 3 .- 6 8 Jnel

lavaratory tacility,  The air flow throupgh th chamber compartneants Lo the

cwhingal was 500 cubic feet/minute, which created a slizht nepgzative pressere
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vithin chae exposure complex, The ambient temperature within i) chamber
was maintained at 72 - 74° F., while the relative humidity ranged between 45 -
55%. Tne PGDN wasg introduced into the chainber's atmusphere by blowing air
at « rate of 10- 15 liters/:nin across a pyrex reservoir of the compound situ-
ated in the inlet air supply duct, Efghty per cent of the contaminated air was

recirculated through the environmental chamber,

Material Used, The PGDN used in these experiments was vaporized from a

sampie of Otto Fuel which had been in storage for 18 months. The fuel con-

tained a non-volatile stabilizer and a desensitizer.

Analysis of Exposure Chamber Atmosphere. The concentration of PGDN in

the chamber atmosphere was recorded continuously by an infrared spectro-
photometer equipped with a 20-meter path-length gas cell which was continu-
ously flushed with air drawn from the chamber through %+ inch diameter polv-
ethylene tubing., The absorbance at 12, 0 5t was measured. A gas chromato-
graph equipped with an electron capture detector and an automatic, sequential

sampling valve provided the second, independent analytical method.

Clinrizal Testing. “rior to each exposure a repeat physical examination was

perfiormed on each subject, At this time cach was given a subjective symp-
tor: check list to complete.  This included questions regarding the presence
of headache, eye or throat irritation, nausea, chest pain, abdominal pain,

and chemical odor, This checlk list was then taken by the subject into the

oyl
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ousn/ing the exposuras tae foliowing lassoratory determinations vwara

: complzate biood count, blood nitrate (%), caroexyhemoglobin satur~-lan,
. Yo (3)
riethemoglobin

, SGOT, SCPT, BUN, aikaline phosphatase, Liilrubin,

: serumn electrolytes, creatinine, blood PGDN, alvcolar breath PGDN, urinaly-
sis, and nitrate and nitrite urinary excretion. The following studies com-
pleted the pre-exposure evaluation: spontaneous EE3, visual evoked

(4)

response , and EKG lead Il rhythm strip by telemetry.

After entering the environmental chamber the subjects were under con-
4 _ tinual visual surveillance by medical personnel and all important charnber
activities were video taped by closed circuit TV. First, each subject per-
formed a Romberg test followed by a heel-to-toe test with his eyes open, then
with his eyes closed. The subjective symptom check list procedure was begun,
Then, every hour the blood pressure and 2 lead II EKG rhythm strip obtained.
Ths following additional clinical studies were performed on ths subjects who
wetre exposed for single 4~ and 8-hour periods during the final hour of their
exposure: computerized spirometry measurement which included the maxi-

mun o mid-expiratory flow rate, spontaneous EEG, visual evoked response,

visual acuity measurement, audiometric measurement, exercize EXG,

Sluvaucetie time estimation test( ), 10- and 30-3econd time estimation te3ts (6)
L ) }

Crawford collar-and-nin coordination test, and tae Flanagan arithmetic,

AL

coordination, and inspection tests. During each of the §-hour exposurzs the
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e tapicnt performance of the heart of one seated sabject we . renitored for ;
o . . . : . W, i) ;
caae Jiest & hoursg using Linpedance cavdicgraphy ', : ;
; i

o'i-2 minutes prior to exiting from the exposure cnamaber each gubject

repeated tiie modified Romberg test and pertormed the heel-{o-toe test, Then

a venous blood sample for PGDN determination was obrained by having the

s o s o

subject stick his arm through an arm-port in the chamber wall into tte uncon-
taminated, adjacent laboratory. During the five successive e:-posures to PGDN
0.2 ppm for 8 hours, the same procedures were followed except that.the teating
previously begun during the final bour of exposure was commenced after five

i-hours of exposure to accommodate the larger number of subjects.

Post-Exposure Surveillance: All subjects were placed under close medical

surveillance for a 16-hour period following each exposure. Subjective
responses were recorded 1, 2, 3, and 16 hours post-exposure. Alveolar
breath samples for PGDN analysis were collected 5, 15, 30, 60 and 120
minutes post-exposure. A 24-lhour urine specimen was collected and
analyzed for totzl nitrate and creatinine, TFifteen minutcs post-exposure a
venous blood sample was obtained for the following analyses: PGDII,
methemoglobin, nitrate, and CBC. Sixteen hours following cach exposure the

nre-exposture bascline studies were repeated,

Anilyzsis of Breath ond Blood (o= PGDN. Propylene glveol dinitrate was

annivzed in human bre2th and blood using = gas chromategraph equipped with

8 < . . .
oo clectron capture dctcctor( }. Five to 50 microliter breath aliguots
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g : oere iajectad divectly into a 1 187 Teflon tolurin coniaining 4 572-30 on .
3
Jhivomosoro W, 60/80 mest operating at 73°C. a2 injector tumperature was :
2 b : ;
F 1
; 170°C, while the detector temoerature was 150°C., Five-millitir:rs aliguots :
: of venous blood were extracted with n-hexane, Qne-microliter of th2 extract :
: was injected into the gas chromatograph., Samgles were compared to PGDN
standards made up in hexanc solution and PGDN air star.dards prepared in
saran bags. :
3 Data Analysis. Group ¥ and t-tests weie performed to compare baseline and
control performance to performance data collected during exposure. Then
. . paired t-tests viere used to search for individual responses to PGDN exposure.

RESULTS )

During the training sessions each subject evidenced the expected
improvement in his ability to perform the Crawford coilar-and-pin test, and
the Flanagan coordination, inspection, and arithmetic tests. With the excep-
tion of the Crawford ccllar-and-pin test and the “lanagan inspection test,
learning appeared compiete for all of the tests administered before the first

chamber exposure occurred.

PGDN: 0.03 ppm. The subjecrs were unabla to detect the odor of the com-

oound in the chamber atnosphera. One subject developed a miid frontal haad-

eche one hour ianto the exposure, but this cleared spontancously within one
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! i Tooar. Mo oother unfoward subjeciive sympioms or obiactive siges ¢l illness :
; < ere noted during or in the 24-li~ur period following the exposurse. No decre- : E
: F
: rent in test performance or alteration in monitored physiological p2rameters :

'% _ 3
: cecurred (see PCDN Report, July 7, 1972 for performance data). All of the :
z ; 13
! clinical chemistries remained within the limits of normal. ; :

PGDN: 9.1 ppm. The subjects were unable to detect the odor of the compound
in the chamber atmospnere. Two of the subjects did develop headaches during
the course of the exposure. The same subject who had developed headache at 3
the lowest concentration studied, developed a mild frontal headache occurring
after three hours of exposure. The pain persisted for Y0 minutes before
spontaneously resolving. A second subject developed a frontal headache
occurring after six hours of exposure and his pain persisted for several hours
into the post-exposure period. The latter subject was given black coffee to
drink immediately following exposure. The coffee seemed to ameliorate,
but not completely alleviate the pain.

No other unteward subjective symptoms or objective signs of illness

were noted during or in the 24-hour period following the exposure. No

decrement in test performance or alteration in monitored physislogical

parameters occurred (see PGDN Report, July 7, 1972 for performance data).

Sl o Skl

There were no changes in the clinical chemistries during or following thae

L

expo3ure.
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PN Single Exposures to 0.2 ppm. The nine subjects were exposed to PGDN
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0.2 ppm on two occasions (experiments 31 and 40). During the {irst exposure,

b 0

e A

four of the nine subjects reported the odor to be mild in intensity, Within five

[PV

minutes of exposure, they could no longer detect the odor. During their

second exposure, three of these four reported they could detect the odor and

o4 e Mty e d
i

again they were unable to smell it after five minutes of exposure.

During the first exposure to PGDN 0. 2 ppm, none of the subjects ﬁ

exposed for one hour developed headache, while two of the three subjects

TR

exposed for four hours developed mild throbbing headaches after one and two ‘

o

hours of exposure, The first subject’'s headache persisted for one hour and

| resolved within minutes following exposure, The second subject's headache

a1 AL e

nersisted for two hours into the post-exposure period before spontaneously

newl

resolving. All three of the subjects exposed for eight hours developed head-
aches after three to four hours of exposure. In one instance, the headache A

was mild and spontaneously resolved after one hour while the subject was

b o e S, g D

still being exposed. The cecond subject developed a dull, bitemporal head-

ache which became throbbing when he lay down. The headache persisted one :
hour into the post-exp~sure period, at which time he took two 5-grain aspirin
tablets with one cup of coffee and noted complete subsidence of pain within
three minutes. The third subject exposed for 8 hours developed a threbbing
headache 3 hours into the exposure. The pain became progressively worae,

reaching its maximum intensity one hour post-exposnure, at which time the

subject drank two cups of black coftfee with some amelioration of pain, Three
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ant oce-half heurs post-exposure, the ! adache was still present and at this

7

titne the subject took two 5-grain aspirin tablets with two cups of coffe2 and
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went te bed. The headache was gone the next morring. This latter subject

W ww s

nifad v el

also complzined of developing nasal congestion one hour into the run and

g e
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definite eye irritation six hours into the run. Both the nasal congestion and

e

eye irritation were present three and one-half hours post-exposure.

During the secon! exposure to PGDN 0.2 ppm, all of the s .iects were
exposed for eight hours, during whizli eight of the nine subjects developed
headaches. These developed after two to five hours of exposure and initially
were mild frontal or bitemporal headaches which tended to become more

intense as the exposure continued. Four of these headaches resolved spon-

taneously within 15 minutes following cessation of exposure., The remainder
of the headaches persisted from 1 to 3 hours inin the post-exposure period ;
before resolving without treatment. The subject who had had the most severe :
headache during the first 8-Lhour exposure to this concentration of PGDN, this :

time developed a mili headache after four hours which resolved within 15

il alh

minutes following exposure, This time the subject did not experience nasal

TR TSI & R

congestion or eve irritation.

No other untoward subjective symptoms or objective signs of illness
were r.oted during or in the 24-hour period following these two exposures.
With the exception of the visual evoked response, which will be discussed in , ;

detail later, no decrement in test performance or alleration in monitored
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vheestologica!l parameters occuvrad (Table (I, Figuras 1-21), Tl:re were no

La

Al

(hanges in the clinical chemistrics during or following these exp.:iures.

(LT, TONEEORN

Repeated Daily Exposure to PGDN 0.2 ppm. The response of the subiccts to

thcir first 8-hour exposures to PGDN vapor 3.2 ppm is presented above,
During the second consecutive day of exposure to PCDN 0. 2 ppm none of the
nine was able to detect the odor, but three subjects did develop headache after
three hours of exposure. The headaches were mild in pain intensity and twe of
them resolved spontaneously 2 and 4 hours after onset while the subjects were
still being exposed. The third subject's headache resolvaed within 15 minutes
following cessation of exposure,

1 On the third consecutive day of expo'sure, three of ti.~ subjects were

able to detect the odor nof the compound upon entering the chamber., Within

five minutes they could not detect this cdor. On this third day, three subjects
developed mild headache after 1, 3, and 5 hours of exposure., The subjec.
; . who developed the first headache reported that it resolvad spontaneously
after one hour during the exposure. The other two headaches parsisted 1 and
3 hours into the post-exposure period.

On the fouith -lay of exposure one subject reported that he was able to
detect the odor of the compound during the first five minutes of the exposure,
None of the subjects developed headache,

On the fifth successive day of exposure, three of the subjects reperted

they were able to detect the vdor of the compoind during the firast five minutes
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ot zronsure, One subjact, the individual wio had had the most sevore hend-
acie auring the first two days of exposure, developed a mild headachne during
the seventh hour of expasure which persisted for one hwour before resolving
gpontaneously.

No other untoward subjective symptom or objective signs of illness
were noted during or in the 16-hour periods following each of the five expo-
sures. With the exception of the visual evoked response, no decrement in
test performance or alterations in the monitored physiological parameters
occurred. There were no changes in the clinical chemistries during or

following thegse exposures.

PGDN: 0,35 ppm. Four of the nine subjec‘s were able to detect the odor of

the compound which was described as ''mild''. None was able to detect the
odor after 5 minutes of the exposure,

Only the sv.jects exposed for 2 or 8 heuis developed headache. Those
exposed for 2 hours reported the presence of the headache shortly before
exiting from the chamber. In one instance the headache clecarcd within five
minutes after exposure, The second subject's headache cleared spontaneously
tvwwo hours pust-exposure, while the third headache was ustill present two hours
post-cxposure at which time the subjec. drank black cofice ar " noted éomplete
clearing of the headache within one hour,

The subjects exposed f..r 8 hours reported the prescnce of hearache

atter 3, 4, or 5 hours of exposurc. One of thesc headaches cleared witiin 15
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stinutes folinwing cessation of expasure,  The other two headachus were i
b ¢ JE3: i th - 1 & é
. i ceported to he very severe although one of these cienved spontanenusly two 3
3 ; 2

nours following exposure, Because of the severity of the headache of the

it bt

third of these subjects, 100% oxygen was administered via a face mask for 20

LA

k- minutes. This greatly ameliorated the pain but it returned two hours post-
| exposure and persisted for an additional two hours,

Une of the 2-hour subjects reported slight eye irritation beginning after
5 minutes of exposure and peraisting throughout the exposure. The irritation
subsided completely within 5 minutes after exposure,

No other untoward subjective symptoms or objrctive signs of illness
were noted during or in the 24-hour period following the exposure. With the
exception of the visual evoked response, no decrement in test pertormance'
or alteration in monitored physiological parameters occurred. All of the

clinical chemiatries remained withirn the limits of normal.

PGDN: 0.5 ppm. Four of the nine subjects 1eported they could detect a mild

odor during the first 15 minutes of the exposure, ‘ITwo of the subjects stated
they could still smell the odor 13 hours into the exposure,

Seven of the nine subjects developed headache during the exposures,
One of the snubjects cxposed for onc hour developed a mild headache which
resolved spontaneously wilhout treatment one hour post-exposure. The three
subjects exposcd for 2 hours developed hecadache 20 minutes, 1 hour, and 1 3/4

irs into the eun. Two of those subjects drank black coffee following
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crasalion o exposure and one voportad that the coffes deflinitely ameilsvated
hin pain,  ihe other subject drani four cups of black coifee witha r-lief.,

The third subject in this group refuaed cnffre but took 10 grains of asnirin
and reported relief of head pain within 60 minute..

The suhjects who were exposed for 8 hcurs developed headache after
2, 3, or 4 hours of exposure, These headaches were initially mild in intensity
but hecame progressively worse and throbbing in nature, One of the subjects
reported that he was dizzy and nauseated after 6 hours of exposure. All of the
subjects reported that the headache was less painful within 5 minutes following
cessation of exposure. All three consurned black coffee bur only one noted
definite amelioration of his pain,

Bacause of the severity of the headache in the three subje~¢s being
exposed for 8 hours, the modificd Romberg test and heel-to-toe tests were
perfoimed after 63 hours after exposure and again after 8 hours of exposure
immediately prior to uxiting from the chamber. After 64 hours of exposure
two of the subjects had abnormal huel-to-toe tests with their eyes closed.
Aftar 8 hours of exposure, all three subjects had abnormal modified Romberg
testas as well as an abnormal heel-to-toe test performed with eyes closed,

One subject was unable to perform a norma? heel-to-toe teat with hig eyes
opun,

The three subjects with the abnormal neurvlogical finding all showed
2 narrowing of their pulye pressure due o an clevation of their diastolic

pressure, The mean elevation for the group was 12 rnm [y,

e 318 UV e L 8
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With the exception of the visual evoleed reapanse no other~ alr > 2tion in
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mwnitored physiological parameters ov decrement in teat perfo-mun:e

R R

occurred. All of the clinical chemistries remained within the iimits of i

- normal,

s L ‘””\“W‘”'T“Y" e

During this exposure, three members of the research staff, including ! 2

; : one female, were exposed for 1% hours, All three developed a mild headache

which lessened in severity following the consumption of black coffee,

PGDN: 1,5 ppm. All of the subjacta were able to detect the odur of the com- : ':

E pound upon eantering the exposure chamber. Two subjects reported the odor to

be mild, four reported it to be moderate, and (wo reported it to be strong in

[ intensity., Within 20 minutee none of the subjects were able to detect the odor.
Three of the 8 subjects experienced slight eye irritation after 5
minutes of exposure. All of the subjects reported definite eye irritation after : ’
40 minutes of exposure. This irritation persisted throughout the exnusure
period and resolved spontaneocusly within 5- 8 minutes after cessation of
exposure. During the time of eye irritation there was no evidence of con-

junctivitis or excessive lacrimation.

All of the subjects developed headachee., Three subjects developed
irontal headache after 30 minutes of exposure while the remaining subjects
developed headache after 40 to 90 minutes of exposure, Tho headaches
began as mild frontal headaches which became progressively severe and
throbbing. Yo sovere were the headaches tha: the exposure was tcrminated

after 3 hourn of exposure. At this time the palt was rnearly incapacitating
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3 t avesoondy dhie stoiclsm of *he subjects, who had a high level of mativation, per- ST

- ; 2 Y:,

; v doan excosere of thig duraiion.  Afior cxpoesure lhe 505500 ire given ; £

: v cups of sirong, black cofiee. All reported that the coifea s8-2ir2d to E

£ z

amicliorate the pain. Headaches did persist in the subjects for a pe riod of P

. . . . 1 , .\ . 4 4

. Lure ranging from 1 to 77 hours iuto the post-exposure period, - 5
PGDN Breath and Blo.d Concentrations, While the analyticai method employed

JU T TR W S

possessed sensitivity in the part per billion range, only trace amounts of
PGDIN ware detected in the blood of the subjects during the higher exposures
and in the expired breath in the immediate post-exposure period. TCuring the
exposure to PGDN 1.5 ppm, the amount of the compound extracted from the
blood was less than 5 ppb, the limite of sensitivity of the methord. The expired
breath of the subjects during this exposurc was 20 to 35 ppb after one hour c'>f
exposure. This concentration remained constant throughout the remainder of
the exposure, Five minutes post-exposure only 1 -4 ppb was detectable in

the expired breath. None was present in the breath 15 minutes post-exposure,

Trace amounts of PGDN, 1.5 ppb, were detected in the 5-minute

post-exposure breath samples of the subjects exposed to 0.35 and 5,0 ppm.

Biood Nitrate and Methemoglobin.

This amsries of cxposures was not of

sufficient magnitade to elevate the blood nitrate or methernoglobin concentra-
tinn above control valuea.
Vigual ¥,voi.ed Response.

The prak-to-pezle amplituds of the 3-4-5 wave

cavaplex, the imost conniatent characteriatic of the VER from individual ¢5
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individueal, as well as the latency of the nealt of the f-wave were vred as
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oviective measuras to determine whether the VISR had been alt:re.i 23 a result
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of exposure to PGDN. During the chamber experiments in which the subjects

o

were not exposed to PCDN vapor, no sigrificant alteration in the VER

occurred. In figure 12 the responses frora the three control runs in the

VI Db i s Ll A0 85 00 vanas
|

wtiint i

, second group of subjects are superimposed to illustrate the reproducibility of
the VER response.

The first exposure to PGDN 0. 2 pom produced minimal alteration of
the VER in the majority of subjects (figure 13), No consistent pattern of
responce was elicited. Exposure to a concentration of 0, 35 ppm produced

| _ an increase in the peak-to-peak amplitvde of the 3-4-5 complex in a number
of subjects, particularly those exposed for 8 hours {subjects No., 37, 50, 67
in figure i4). The augmentation of the amplitude nf the 3-4-5 complex was
also produced as i1 result of exposure to 0. 5 ppm (figure 15),

Exposure to PGDN 1.5 ppm produccd dramatic alteration in the VER
(figure 16). After 45 to 90 minutes of exposure, every subject exhibited an
increased amplitude in thz peak-to-peak voltage of the 3-4-5 complex of the
VER which ranged from 10 to 70% above control levels. After 160 to 180
rminutes of exposure, the subjects showed a strong tendency for the peak-to-
peak voltage of the 3-4-5 complex to shift toward control levels., VER
fracings obtained 48 hours after exposure from the subjects exposed for 3

hours suggest that it may take up to 24 hours following exposure of this

magnitude for the VER to return to baseline levels.
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Figures 17 theoushy 21 presents tha serial VER tracing: obfained
siriag the flve consecutive days of expoanrs to PCDHN 0.2 ppm. Tihe response
elicited from a given individual on any given day of the exposure s2quence may
be somewhat variable, however, there was an overall trend tow.rd increased
peak-to-peak amplitude of the 2-4-5 complex. The most striking feature of
this sequence nf exposure wag the cumulative effect cf serial exposure upon
the VER. On each consecutive day, the control VER of each subject tended to
have a higher peak-to-peak voltage than the control response of the previous

day. This observation is highly suggestive of a cumulative effect of PGDN at

this dose Jevel.

Spontaneous Electrical Activity (EEG). The conditions of the experiment

dictated that a limited array of cortical electrodes be utilized to record the
spontaneous EEG. This array consisted of Pc and mid-{rontal point midway
batween Fpl and 2. These points were recorded against each other and against
A, (left ear). EEG activity was recorded periodically 7uring acquisition of
the evnlk~d visual response, The EEG records corresponding to the turminal
periods »f the VER stimulation sequence were utilized for comparison of
control versus PGDN exposure. The standardized conditions for a VER
recording provided good baseline conditions for EEG analygis during control
and post-exposure samples., Unrnder the conditions of theae experiments,
PGDN in the concentration range studied <id not produce any consigtent change
in lhe spontaneous electrical aclivity of the cortex which could be detectsd by

vizual analysisg of the tracings.
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COMMENTS

Exposure of healthy males to PGON vapor 0.2 ppm, the current TLV,
produces headache and an alteration in the visual evoked response indicating
that the compound is pharmacologically active at this dosage. Repetitive
exposures to this concentration result in the develop:nent of tolerance to the
compound so far as headache is concerned, but the disruption oi the organi-
zation of the visual evoked response becomes increasingly more marked.
E:posure to higher concentrations results in the more rapid onset of a more
severe headache. At 0.5 ppm, marked disequilibrium is manifest and expo-

sure to 1.5 pp results in eye irritationr without evidence of lung irritation.

Headache:

1t would appear that exposure to PGDN vapor in concentrations as low
as 0.1 ppm may have the potential for inducing headache in a susceptible
segment of the population. Vapor exposure to the current TLV of 0.2 ppm
resulted in the production of headache in the majority of individuals exposed
for 4 or morn hcurs, Repetitive exposure to this concentration resulted in
tne development of a tolerance characteristic to that described for workmen
repetitively exposed to other nitrate compounds. This untoward response
suzgests that the current TLV may not afford the appropriate margin of
safety,

The administration of 100% oxygen, black coffee, or aspirin generally

arneliorated the head pain. Unfortunately, the study was too limit:d to permit
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Sovaaitong of thuse agents as to efficacy.

Nenrolngic2l Abnormalitics:

The marked impairment of the ability of the subjects evosed to 0.5

ppm for 6 to 8 hours to perform the heel-to-toe and modified Roiﬁberg test

was very reminiscent of the response of the subjects tested in the same setting

who were intoxicated with ethyl alcohol and who had blood al:ohol concentra-
tions in the 100 - 150 mg% range. Without question, this disturbance of

equilibrium and sense of balance would represent a serious safety hazard.

Visual Evoked Response:

The consistent alteration in the VER observed in two groups of sub-

jects tested 12 months apart indicates that exposure to PGDN in the concen-

trations studied can result in the disruption of the organization of the VER,

The overall effect appears tc be consistent with the VER changes produced by

mild CNS depression., These data further suggest that the effects of expo-

sure to the current TLV may be cumulative when the exposure is repeated

at intervals of less than 24 hours. Exposure to the highest concentration

studied, PCDN 1.5 ppm, resulted in an initial augmentation of the peak-to-
peak amplitude of the 3-4-5 wave complex followed by a shift toward control
leevels,

This shift ;may represent a successful accommoc.atioa to PGDN or it

may represant the beginning of a more severce depression nf the CNS.
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(- rdisvascular- Pulmonary Posponze:

L PR ETR AR A APTRFATN 1t

No alreration occurred in the spirometric studies of tho:= irdividuals

FEAPRE R

who were complaining of eye irritation when exposed to 1.2 -1, %5 ppm. Of

el e SeEE

concern, however, was the consistent elevation of the diastolic pressure of

ISR

those normotensive individuals exposed to 0.5 ppm for 8 hours. This

bt Pl wore b B Sl ceet e s

K

narrowing of the pulse pressure as a result of diastolic pressure elevation
has been observed in the grossly over-exposed to PGDN in the industrial
satting, There was no indication of change in alteration of the basic cardiac

rhythm or conduction times,

Other Untoward Subjective Responses;

Eye irritation was consistently present during exposure to PGDN 1.2 -
1,5 ppm. It was inconsistently present at lower concentrations and, hence,
could not be used as a warning symptom of potential over-exposure,

During this series of studies the complaint of nasal stuffiness was

uncommon,

Clinical Laboratory Studies:

The toxicity of PGDN in experimental animals has manifested anemia,
pigiment deposition in various tissues, fatty changes in the liver, methemo-
gl ,oin formation, and greatly increased serum and urinary inorganic
nitrates (9-“). Over the range of concentrations studied in the healthy

males, there was no biochemical or heiratological evidence of a toxic effect

upou a target organ. -
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5 TABLE I ;
3 HUMAN ENPO3SURE TO PGDY :
é
: H
i H
t No. of PGDN Concentration, ppm
' Experiment Subjacts (Mean T Standard Deviation) Durz*ion (hr.) %
1-12 8 0.0 4.0 b3
13 2 0.0 1.0 : é
6 0.0 4,2 : 3
14 2 0.1 +0.035 . L0
3 0.1 to0.05 4.1 ;
3 0.1 to0.04 8.0 ;
15 2 0.01 ¥ 0,01 1.0 D
3 0.03 t 0.0l 4.0 3
3 0.03 to0.01 8.0 P
‘ [
16 2 1.20 ¥ 0,11 1.2 3
6 1.46 T 0.28 3,2
! 3
17 - 27 9 0.0 4,0
28 3 0.0 1.0
3 0.0 2.0 :
3 0.0 3.0 :
29 3 0.47 0. 04 1.0 ;
3 0.51 t 0.05 2.0 ' 1
3 0.50 +0.09 7.3 :
30 3 0.0 Lo
3 0.0 2.0 «
3 0.0 8.0
31 3 0.26 10,04 1.0
3 0.24 ¥ 0.03 2.0
3 0.21 t 0,04 8.0
32 - 35 9 0.0 4.0
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0,37
0.35
3 ' 0.33

W
M

38 - 39 9 0.0 4.0

40 3 0.24
3 0.24
3 0.24

0. 06 7.5
0. 06 7.75 i
0.06 8.0 o

1+ 141+

41 3 0. 20
3 0.20
3 0.20

0.04 7.5
0. 04 7.75
0. 04 8.0

14140 4

42 3 0.30
0.30
0.30

0.05 7.5
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FEOONTAN

POSURE TO PGDN -2

PAIRED " VALY FOR COMPARISOM
O CONTLOL

vs EXIO3URE TEST SCORIES

(N PNIRTR. A T AT PERPRPR AN RPN T TR

% CONCENTRATION, PPt ;
P R 0. 0,35 0.5
Mo vquetos Tont t t df i di i
! /S 0.655 0.092 §  |-C 839 5 °
:Cnc :
‘sacond |z-s! -1.302 -0,071 5 1.507 5 -
Sound ' ' 5.
RxT -0.634 -0,377 5 1.238 5
E/S 0.701 1,497 5 2,048 5
.iThree
_|Second |E-S| -0,284 1. 945 5 2.73 5
ISsund
|- RxT -0.28 1,708 5 0.441 5
E/S -0.37 1.925 5 1.200 5
|Five
Second |E-S] -1.677 0,797 5 1,834 5
Sound
) RxT -0.036 0.296 5 0,723 5
i E/S 0,443 0,122 5 | 0.801 5
One
iSccond 1 Z-3] -0.279 -0,503 5 0.471 5
ILight
RxT -0.221 -1,360 5 0. 644 5
b E/S -1.294 -0.467 5 0.663 5
‘Three . i
'Second | E-5] -1,957 -1,654 5 |-0.384 5
‘Light
’ RxT -i.401 -0.483 5 |.3.499* 5
E/S -0.985 -1,653 5 |-0.000 5
vV
Second |E-S| -2.254 2.925™ 5 1,902 5
Light :
RxT -0.121 8 0.567 5 0.432 5
IO Second Estimation 0,391 8 1,154 5 2,077 5
37 Szcond Estimation 0.757 8 0.745 5 0.316 5
Arithraciia -1.750 8 -1,908 5 |[.0.484 5
Toordination 0,407 8 0,462 7
Lispection 23,311 5 -6, 425" 5 2,475 5
Coliar & Pin _3.63538" 5 0.509 2 1,000 2
Significant at 959 level E * Esgtimate
‘wificant at 99% leval S Stirnuits Duratic

e

Reaction Time
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Figure 12

HUMAN EZIPOSURE TO PGDN

E.ONT.OL 2 8 hours

r—r—
L] 100mjer

VER responses from three control exposures are superimposed.

Each potential represents the average of 100 responses. Flash

rate, 1 Hz. Polarity and voltage as indicated.
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: FIUNMAN EXPCS5URE TO PGDN 0.2 PPM :
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Each VER represents the average of 100 responses. Flash rate,

1 Hz. Polarity and voltage 23 indicated.
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Figure 14

HUMAN EXPO5URE TO PGDN 0. 35 PPM

EXPOSURE (hovre)
CONTROL 1 2

”F""‘!’\/-

Each VER represents the average of 100 responses. Flash rate,

1 Hz. Polarity and voltage as indicated.
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HUMAN EXPOSURE TO ©GDN 0. 5 PPM

EXPOSURE [Noury:
CONIROL . 1 2

-
-

VNS AN

i i
+

67?/‘\__"'-_ ] 10yv %

fo o ey
') 100 meee

Each VECR represcris the average of 100 responses,

1 Hz. Polarity and voltage as indicated,
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' HUMANMN EXPOSURE TO PGDN 1.5 PPM :
|
i

IXPOWlhhnn, ron £xe.
CONTROL 1 A

| * 'r-ﬂ wﬁ‘& .

T wm*“' “*“‘" T

r - L et L — T Al
° 100 maet
-

Each VER represents the average uf 100 responses. Flash rate,

0.5 Hz, Polarity and voltage as indicated,
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-
: HUMAN EXPOSURE TO PGDN 0.2 PPM
,
}
t1XPOSULRE {
¢ CONIROL 7-8 houty 1
{ ! T %
| i/ ‘
: t
) |
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u,.ﬂa! ’ .gl vy !
F |

|
¥ 1 b
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- 70y i - } ‘o i
VAl i
el ANy .
FasleavA
oy -
. TICA 3
¢ Tiema T 3
Day 1 of 5-day exposure requence. Each VER represents the
average of 100 responses, [Flash rale, 1 Hz, Polarity as indicate . 7
Calibration voltage same as Figure 15,
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HUM.AN EXPOSURE TO PGDN 0.2 PPM E
! EXPOSURE a
CONIROL -8 hevrs K
) ' X ;
! !
WAL [ -
"ol I_ ,/,\H
| ; B
’.% %
'.‘ i
(1] e
S G
) n""‘\x\w..\', V(\iw'\—/
! |
”r\;/\l\/\ \./‘\},,./\
!0"./’\:/\'* """\;/’\;’
. ;
YR T
. 16 Y 1
9’ ) l;ﬂnt;: r -

Day 2 of 5-day exposure sequence, Each VER represents the
average of 100 responses. Flash rate, 1 Hz, Polarity as indicated,

Calibration voltage same as Figure 15.
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3 Figure 19 !
= ! E
3 | 1
H HUMAN EXPOSUPE TO PGDN 0.3 PPM
: %
txrosuRt o 3
- . CONTROL ‘Mh-w» i 3
: : ! ]

A7 S
T
“WJFW ) -l l
”h/v\ qJ:\-/J'\ :

|
\
|
I
!

30, L\A
—
+ ; .
&/ - 3
- i 10 pv I E
PRI B ) [t | 3
[] 100mse ;

Day 3 of 5-day exposure sequence. Each VER represents the
average of 100 responses., Flash rate, 1 Hz, Polarity as indicated.

Calibration voltage same as Figure 15.
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Day 4 of 5-day exposure sequence. Each VER represents the

average 2f 100 responses., Flash rate, 1 Hz. Polarity as indicated,

Calibration voltage same as Figure 15,
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Figure 21
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Final day of 5-day expocrure sejyuence. Each VER represents the

H
t

e average of 100 responses., Flash rate, 1 Hz. Polarity as indicated.

t Calibration voltage same as Figure 15,
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